Nine proteins specified by Kunjin virus were labelled with [3H]lysine and digested with carboxypeptidase B which specifically cleaves carboxy-terminal Lys or Arg. The theoretical amount of [3H]lysine was released from the non-structural (ns) proteins NS2A, NS2B, NS3 and NS4B, which have a common carboxy terminus Lys-Arg deduced from cleavage sites established in the viral polyprotein by previous N-terminal amino acid analyses. This is a flavivirus consensus site, always followed by Gly, Ala or Ser. These results indicate that no truncations had occurred despite anomalous electrophoretic migrations of NS2A, NS2B and NS4B observed in some gel systems. No [3H]lysine was released from NS4A or NS5 which terminate in Ala and Leu, respectively, thus establishing that NS5 (observed M r 98000, theoretical Mr 103600) was not cleaved post-translationally at any internal Lys-Arg site. Unexpectedly, [3H]lysine residues were apparently released from P14(C), the intracellular equivalent of virion C protein which terminates in Ala (adjacent to the established N-terminus of prM). However, a putative internal cleavage site (Lys-Arg~,Gly) exists 18 residues upstream from the carboxy terminus of C, prior to the transmembrane spanning domain. Apparent internal cleavage in the cytosol at this site to produce P 14(C) would expose [3H]lysine residues to carboxypeptidase B, and account for the previously observed differences in size and composition between C and P14(C).
activity of carboxypeptidase B to determine whether [3H]lysine was indeed present at the carboxy terminus of the apparently truncated NS2A, NS2B and NS4B. NS5 was also digested because possible post-translational trimming, at the site Lys-Arg]Asn localized 57 residues from the theoretical carboxy terminus Val-Leu, could account for its apparent truncation. KUN-infected Vero cells were treated with 3 Ixg/ml actinomycin D at 21 h post-infection, then labelled with [3H]lysine for 6 h. Cell extracts were prepared using 2 ~ SDS, and the radioactive viral proteins separated in polyacrylamide gels. The gels that gave the best separations were 10 SDS~tiscontinuous polyacrylamide for NS5, NS3, P51(E), NS4B, prM and NS2A, and 12~0 SDS-phosphate for P 14(C), NS4A and NS2B; P51 (E) and P 14(C) are the intracellular forms of the structural proteins E which comigrates with P51(E) and C which migrates perceptibly slower than P14(C) (see Wright & Westaway, 1977) . Each protein of interest was isolated and eluted from preparative gels as described previously (Speight et al., 1988) , then dissolved in 50 mi-imidazole-HCl pH 7.5 and digested with carboxypeptidase B (5 Ixg per 400 ~tl; Boehringer Mannheim) at 30 °C. Aliquots were withdrawn at intervals, diluted with water to 2 ml, and loaded on a column (6 cm x 1.2 cm) of Dowex 50W-X4 100 to 200 mesh (Bio-Rad) in the NH4 + form. Unbound protein was washed through the column and then any [3H]lysine residues were eluted by a gradient of 0 to 1.5 M-NH4OH in water. Fractions were collected and the radioactivity was counted in a liquid scintillation spectrometer. Fig. 1 shows the release of [3H]lysine with time, for all of the KUN ns proteins except NS1 which occurs in only trace amounts (Wright & Westaway, 1977) . [3H]Lysine was released from the carboxy termini of NS2A, NS2B, NS3 and NS4B, in agreement with their deduced carboxy-terminal sequence LysArg (see Table 1 ). NS4A and NS5 with theoretical carboxy termini Ala-Ala and Val-Leu, respectively , showed no detectable release of radioactivity under the assay conditions even after 3 h of digestion with carboxypeptidase B.
To confirm that carboxypeptidase B was not exhibiting any significant general carboxypeptidase activity under the assay conditions, the positively identified viral protein NS4B (Speight et al., 1988) labelled with [3H]leucine was also digested with carboxypeptidase B after preparation and treatment in a manner similar to that described above. Its theoretical carboxy terminus is Gly-Leu-Lys-Arg (Speight et al., 1988) . If [3H]leucine were released it would be identified as radioactivity associated with the included volume after passage of the digest through a PD-10 column (Pharmacia); it would also comigrate with added unlabelled Leu when separated by two-dimensional thin-layer chromatography (first dimension butanol-acetic acidwater, second dimension butanol-pyridine-water). No radioactivity could be detected in the low Mr fractions of a PD-10 column nor was any radioactivity detected comigrating with added Leu on a ninhydrin-stained chromatography plate. It was concluded that the general carboxypeptidase activity of carboxypeptidase B was insignificant.
The amount of radioactively labelled Lys released from NS2A, NS2B, NS3 and NS4B corresponded approximately to the theoretical number of c.p.m, based on the deduced translation sequence, and hence it is unlikely that any internal Lys residues were exposed by activity of a cellular peptidase. For example, the fraction of total c.p.m, released during digestion, i.e. one-ninth or 11 ~ for NS2A, one-third or 33~ for NS2B and one-eleventh or 9~o for NS4B (Fig. 1) , corresponds closely to that expected based on the known number of lysine residues in NS2A (nine), NS2B (three) and NS4B (11) . For the larger product NS3 with many (33) Lys residues, the calculation is less reliable (1/33 or 3 ~) but the results are consistent with the observed (71K) and theoretical (68-9K) sizes of NS3 (Speight et al., 1988) , on the basis of the recently established amino terminus of NS4A, the next gene product following NS3 (Speight & Westaway, 1989) . NS5 has a measured size of 98K and a theoretical size of 103-6K (Speight et al., 1988) , based on the position in the flavivirus polyprotein of the N terminus which has been established for KUN and a number of different flavivirus species (Rice et al., 1986; Biedrzycka et al., 1987; Speight et al., 1988 ). Castle et al. (1986 have determined the amino acid sequence of a number of tryptic peptides derived from NS5 of West Nile (WN) virus. Comparison with the deduced amino sequence localized one of these peptides as terminating within four residues of the carboxy-terminal end of the coding
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region. There are only eight differences in the NS5 carboxy-terminal sequence of 60 amino acids between WN and KUN, none of which involves a previously recognized flavivirus cleavage site . The KUN and WN virus results taken together suggest that no truncation occurs; the true Mr of NS5 is therefore almost certainly 103.6K.
Also shown in Fig. 1 are the results of carboxypeptidase B digestion of [aH]lysine-labelled structural proteins extracted from infected cells. Their theoretical carboxy termini are Gly-Ala for P 14(C) if as in C, Tyr-Ser for prM and His-Ala for P51 (E). No [3H]lysine was released from prM or P51(E), as expected. However, label was readily released from P14(C). We therefore searched the carboxy-terminal domain of the deduced translation sequence of C for a possible Lys-Arg~Gly cleavage site common to most of the KUN ns proteins. A potential cleavage site was found between 18 and 19 residues upstream from the predicted C terminus: .... Ser-Ser-LysGln-Lys-Lys-Arg~ Gly-Gly-Lys-Thr-Gly-Ile-Ala-Phe-Met-Ile-Gly-Leu-Ile-Ala-Gly-Val-GlyAla (the underlined sequence is probably a membrane-spanning domain; note the occurrence of three Lys residues preceding the potential cleavage site, and a methionine residue downstream). There are 13 Lys residues in C ; the amount of [3H]lysine released from P14(C) by the action of carboxypeptidase B at 30 °C was approximately 25~ of the total counts, suggesting that three of 12 Lys residues in P14(C) were being cleaved. For this to occur the Gln residue in this sequence must also be cleaved. It was further observed that after decreasing the digestion temperature to 10 °C, only 17~ (two of 12) of the Lys residues were released ( Fig. 1) suggesting that only at the higher temperature could carboxypeptidase B release Gin. Posttranslational cleavage at this point would eliminate 18 residues or 1.6K, including the hydrophobic or transmembrane domain of 15 residues, at the carboxy terminus of C. The truncated product would thus be released from membrane attachment; presumably this could affect its incorporation into virions. If the 18 residues were eliminated, then two results should ensue. First, P14(C) would be expected to migrate slightly faster in gels than virion C, and secondly, P14(C) would lack a methionine-labelled tryptic peptide found in C. In fact, both consequences have been observed for KUN virus (Wright & Westaway, 1977) .
We concluded that all the KUN ns proteins which appeared by analysis on polyacrylamide gels in earlier reports to be truncated relative to their size predicted by the nucleotide sequence (Westaway, 1987; Coia et al., 1988; Speight et al., 1988) were in fact intact because carboxypeptidase B digestions proceeded in accord with the comparison of the carboxy termini deduced from the coding sequence (see Table 1 and Fig. 1 ). We therefore re-examined the apparent sizes of the KUN products. Radiolabelled KUN-infected and mock-infected cell extracts together with individual viral proteins (isolated from well characterized gel systems) were electrophoresed in a number of different polyacrylamide gel systems. We found that increasing the acrylamide concentration in the SDS-phosphate gel system from 8 or 10 ~ as used previously (Wright & Westaway, 1977; Speight et al., 1988) to 12~ caused the smaller ns proteins to migrate with apparent Mr values closer to those calculated from the deduced amino acid sequence. Fig. 2(a) and (b) are autoradiograms of the isolated KUN proteins electrophoresed in a 12~ SDS-phosphate gel. Fig. 2(c) represents the same material run on a 12 ~ SDS-discontinuous polyacrylamide gel except for P 14(C), NS4A and NS2B which migrate at the gel front and thus were not analysed. Table 1 shows the identity and the Mr of each of the KUN viral proteins based on the amino acid sequence deduced from the nucleotide sequence , and the relationship of the current system of nomenclature to earlier systems.
Taken together these results indicate that carboxy-terminal post-translational trimming of P51 (E), prM and the ns proteins of KUN virus, and by analogy those of other flaviviruses, does not occur, and the theoretical Mr values of these proteins as calculated using the nucleotide sequence are probably correct. Clearly the observed Mr is strongly influenced by the gel system and possibly the markers employed. No one system provided consistent correspondence between theoretical and observed Mr. Migration of several flavivirus proteins is probably affected by their hydrophobicity. Regarding the apparent truncation to produce P14(C), Mandl et al. (1988) 
